Garcinia gummi-gutta (syn. G. cambogia, G. quaesita), known to have medicinal properties, was evaluated as a substrate and inducer for tannase production by a marine Aspergillus awamori BTMFW032, under slurry state fermentation using Czapekdox-minimal medium and sea water as the cultivation medium. Among the various natural tannin substrates evaluated, Garcinia leaf supported maximal tannase production. The cultivation conditions and components of the cultivation medium were optimized employing response surface methodology. The experimental results were fitted to a second-order polynomial model at a 92.2% level of significance (p<0.0001). The maximal tannase activity was obtained in a slurry state medium containing 26.6%, w/v, Garcinia leaf, supplemented with 0.1% tannic acid as inducer. The optimum values of pH, temperature and inoculum concentration obtained were 5.0, 40ºC and 3%, respectively. A Box-Behnken model study of the fermentation conditions was carried out, and the best production of tannase was registered at 40ºC without agitation. Optimization strategy employing response surface methodology led to nearly 3-fold increase in the enzyme production from 26.2 U/mL obtained in unoptimized medium to 75.2 Units/mL in Box Behnken design, within 18 h of fermentation. It was observed that sea water could support maximal tannase production by A. awamori compared with other media suggesting that the sea water salts could have played an inducer role in expression of tannase encoding genes. To the best of our knowledge, this is the first report on production of tannase, an industrially important enzyme, utilizing Garcinia leaf as substrate under slurry state fermentation by marine A. awamori and sea water as the cultivation medium.
Tannin Acyl Hydrolase (E.C.3.1.1.20), commonly referred to as tannase, catalyzes the hydrolysis of ester and depside bonds present in hydrolysable tannins to form glucose and gallic acid. Tannases are enzymes produced by microbes that are responsible for the in vivo hydrolysis of tannins, polyphenols that are widely present in plants. Tannase is known as a versatile enzyme with several interesting properties suitable for industrial applications. It is used for the production of gallic acid, which is used in the pharmaceutical industry for production of the anti-bacterial drug trimethoprim [1] , as a substrate for the synthesis of propyl gallate, an anti-oxidant, and in the food industry [2] . Tannase is also used in the manufacture of instant tea and acorn wine, in the clarification of beer and fruit juices; the manufacture of coffee flavored soft drinks; improvement in the flavor of grape wine; as an analytical probe for determining the structure of naturally occurring gallic acid esters [3] , and for cleavage of polyphenolics, such as dehydrodimer crosslinks present in the cell wall of plants, which is necessary for plant cell wall digestibility [4] . Tannase is useful for hydrolysis of tannins known to discolor the tooth surface. In animal feed, reduction of the anti-nutritional effects of tannins is minimized by tannase. Tannase can be potentially used for the degradation of tannins present in the effluents of tanneries, which represent serious environmental problems [5] .
Tannases are enzymes produced by microbes and are responsible for the in vivo hydrolysis of tannins, polyphenols that are widely present in plants. Tannase is produced by a large number of fungi, of which terrestrial Aspergillus awamori Nakazawa is one [3, 6] . Tannase produced by A. awamori was purified and characterized [6] . The fungal strain used in the present study was previously identified as A. awamori and as a potential lipase producer [7] .
Solid-state fermentation (SSF) is generally preferred for enzyme production owing to the fact that it allows economic production of highly concentrated crude enzymes at low cost of extraction of the pure enzymes [8] . However, it was noted that during SSF production of tannase by A. awamori BTMFW032, there was a very high level of spore formation and consequent difficulty in handling of the fermented moldy bran. So, slurry state fermentation (SLSF) was evaluated as an alternative to submerged fermentation (SmF) and SSF. In fact, enzyme production in SLSF has been employed in limited cases such as pectinase and single cell protein production by A. niger and Trichoderma viride on pulps from lemon juice clarification [9] .
Statistical experimental designs provide an efficient approach to optimization. Response surface methodology (RSM) is a powerful technique for testing multiple process variables, because fewer experimental trials are needed as compared with studying one variable at a time. Also, significant interactions between the variables can be identified and quantified by this technique. The Box Behnken design is especially suitable for accounting for the interactions and identifying the more significant components in a medium. A combination of factors generating a certain optimal response can be identified from the use of a factorial design and response surface methodology. Tannic acid concentration, agitation speed, and pH during the fermentation were identified as important process parameters effecting cell growth and enzyme synthesis by A.awamori. These parameters were optimized in a laboratory bioreactor by response surface methodology using Box and Behnken factorial design to determine the optimum conditions for enzyme production and gallic acid accumulation [3] .
Commercial success of any fermentation process for industrial enzyme production very much relies on a cheap substrate that is easily obtainable, and which results in a high process yield. Although several natural substrates were tried for different enzyme production, to the best of our knowledge, Garcinia sp.(family Clusiaceae) was never tried for any fermentation. G. cambogia is a moderatesized, evergreen tree native to South India and Southeast Asia. The fruit of this species has been traditionally used in food preparation and cooking, having a distinctive taste, but the leaves were not recognized for any utility. Garcinia is a source of a revolutionary natural diet ingredient that is currently popular in the US, Japan, Europe, and other western countries. In this study, the prospects of utilizing naturally available Garcinia leaves were tried as a source of carbon and inducer of tannase production for SLSF. Previous studies of tannase production by A. awamori [3, 6] , did not explore SLSF, utilization of natural substrate, and sea water as an enzyme production medium. Here we report the role of sea water and natural substrate resources, and the prospects of SLSF in tannase production by the marine fungus A. awamori BTMFW032, which holds promise as a tannase producer for further industrial application.
Selection of natural substrates as carbon source:
Various natural substrates were tried as a carbon source, both independently and in combination with tannic acid, for tannase production by A. awamori BTMFW032. It is evident from the data presented in Table 1 that, irrespective of the substrate used and whether the medium is prepared with sea water or not, tannic acid influences tannase synthesis by the fungus, whereas in the case of a few substrates, tannase production by the fungus was observed even in the absence of tannic acid. In fact, tamarind fruit in combination with tannic acid in sea water medium recorded maximum enzyme activity (374.67 U/ mL), followed by grape wastes and tannic acid in Czapekdox medium (369.2 U/mL), and Garcinia leaves and tannic acid in sea water medium (256.0 U/mL). Moreover, it was observed that Garcinia leaves alone could induce tannase production by the fungus (22.1 U/mL in Czapekdox medium and 26.2 U/mL in sea water) suggesting their potential for use as a substrate for tannase production. All other substrates were not effective and recorded tannase at very low level compared with the control. Furthermore, tamarind fruit and grape wastes are not economical and not easily available, even though they showed enhanced production when used as a carbon source and inducer. Hence, Garcinia leaf was selected as a potential substrate for tannase production. It was also noted that Garcinia contains 5 mg tannic acid equivalents in 500 mg of leaf (i.e, 1% tannic acid equivalent was present in Garcinia leaves, by the Folin-denins method).
Probably the presence of tannic acid in Garcinia might be the causative factor for the production of tannase enzyme by A. awamori. The data also provide evidence for the positive role played by sea water as a medium for enhanced production of tannase by A. awamori BTMFW032. Maybe the various ions and inorganic salts present in the sea water could influence the fungus by satisfying its requirements for enhanced synthesis of tannase. Of course, a detailed study is warranted to establish this fact. The data further indicate that, in spite of the fact that natural substrates could induce tannase production by the fungus, the organism requires tannic acid in the medium for enhanced synthesis, confirming the inducer role of tannic acid for tannase production by A. awamori.
Selection of the variables that significantly affect tannase production: Plackett-Burman (PB) design offers an effective screening procedure and computes the significance of a large number of factors in one experiment, which is time saving and maintains convincing information on each component [15] . The tannase production with PB design experiments showed a wide variation of enzyme concentrations from 26.2 to 57.4 U/mL, which indicated the importance of medium optimization to attain higher yields.
The statistical significance of the model equation, evaluated by the F-test analysis of variance (ANOVA), revealed that the obtained regression is statistically significant. The model F value of 8.36 and values of Prob>F less than 0.05 provide evidence that the model terms are significant. Furthermore, the results presented as a pareto chart (Figure 1 ) for the effect of individual parameters studied in PB design testify that tannic acid and inoculum concentration had a positive effect in enhancing enzyme production, along with the increase in their concentrations, whereas glucose, temperature and Garcinia leaves had a negative effect, along with an increase in variable. Validation of the PB design was carried out in shake flasks under conditions predicted by the model and it was noted that the experimental values were very close those predicted and hence the model was successfully validated. From the results obtained with PB design it is inferred that among the eighteen variables evaluated, five, namely Garcinia leaf, tannic acid, glucose, temperature and inoculum were found to be the most significant. RSM using Box-Behnken design was adopted towards selection of the optimal level of significant variables (Garcinia leaf, tannic acid, glucose, inoculum concentration and temperature), based on the PB design experiment. The results obtained were analyzed by ANOVA, with the following regression equation for the level of tannase production. The ANOVA analysis of tannase production showed that the model F value of 14.84 and values of Prob>F less than 0.05 were significant. Three linear and six quadratic terms were significant model terms for the response.
The model coefficients estimated by multiple linear regressions and ANOVA showed that the model was significant with coefficient of determination R 2 of 0.9223. This ensured a satisfactory adjustment of the quadratic model to the experimental data and indicated that approximately 92.2% of the variability in the dependent variable (response) could be explained by the model. The adjusted R 2 , which is more suited for comparing models with different number of variables, was 0.8601. All selected parameters were significant and varied levels of interactions were recorded for the variables in their cumulative effect on tannase production. The coefficient of variance was 6.53, and the adequate precision that measures the signal to noise ratio was 15.203. A ratio greater than 4 is desirable as it indicates an adequate signal. Thus this model could be used to navigate the design space.
Experimental data on the effect of five selected physicochemical factors on production of tannase by A. awamori BTMFW032 in a total of 46 experiments showed strong dependence on the presence and levels of the selected factors as the enzyme production varied between 37.4U/mL and 76.8 U/mL under the experimental conditions studied.
Analysis of factors influencing tannase production:
Three dimensional response surface curves were plotted to study interaction among various physicochemical factors and to determine the optimum concentration of each individual factor for maximum tannase production. The model predicted 75.8 U/mL of tannase enzyme activity and obtained a maximum of 75.2 U/mL. It was noted that tannic acid, which is used as an inducer, has a very high influence on the enzyme production and its higher concentration supported maximum enzyme production.
Interaction between factors:
The pair wise interactions among the factors in terms of tannase production under the optimized condition were assessed by examining the response surfaces. Three dimensional response surfaces were generated holding three factors constant at a time and plotting the response obtained for varying levels of the other two. With increase in tannic acid, enzyme activity increased, but at higher and lower concentrations of Garcinia, there was no interactive effect on the production of enzyme (Figure 2 ). At higher concentrations of tannic acid, the medium level of inoculum concentration showed more enzyme activity compared with the higher and lower levels, whereas Garcinia showed less interaction with inoculum concentration at its higher, middle and lower levels. The parabolic nature of the graph indicates that the interactive effect of Garcinia and glucose was very high at higher concentrations of tannic acid; the higher and lower levels of Garcinia and glucose showed lesser enzyme activity compared with the medium level ( Figure 3 ). At higher and lower concentrations of glucose and temperature enzyme productivity was less compared with the medium level. A total of 18 variables were checked and, out of these, five parameters were optimized by RSM. These were Garcinia leaf (26%), glucose (3.2 mM), tannic acid (0.1%), temperature (40ºC) and inoculum concentration (3%). Time course studies using A. awamori under final optimized conditions revealed that tannase production increased rapidly during the initial stages of fermentation and maximum enzyme activity was recorded at 24 h (Figure 4 ). However, with further progress of fermentation, the enzyme activity declined.
In an earlier study [3] , tannic acid concentration, agitation speed and pH during the fermentation were identified as important process parameters effecting cell growth and enzyme synthesis by A. awamori, and these parameters were optimized in a laboratory bioreactor by RSM using Box-Behnken factorial design to determine the optimum conditions for enzyme production and gallic acid accumulation. In that report, under optimum process conditions for enzyme synthesis, the fermentation run lasted 60 h with an initial tannic acid concentration of 35.0 g/L, yielding a biomass concentration of 7.13 g/L containing 771 IU of intracellular tannase per g dry cell weight and 19 g/L of gallic acid. However, maximum gallic acid accumulation (40.3 g/L) was obtained in 24 h with an initial substrate concentration of 45 g/L [3] . Jamun leaves and amla leaves were used for tannase production [16] where a maximum enzyme yield of 69 U/g dry substrate was obtained after 96 h of incubation. At the same time, palm kernel cake and tamarind seed powder as substrate, respectively, supported maximal enzyme activity of 13.0 U/g and 6.4 U/g dry substrate [17] , whereas wheat bran enriched with 0.8% tannic acid supported higher enzyme activity of 67.5 U/g dry substrate [18] .
Conclusion: Synthetic substrate tannic acid, which is expensive and difficult to obtain on a large scale, is an important issue affecting the viability of production of fungal tannases by industrial fermentation. Hence any natural substrate that can support enhanced production of tannase either alone or in combination with tannic acid would have great impact on enzyme production in the industry. In this context the results obtained in the present study with different natural substrates have strongly indicated the prospects of Garcinia leaves, which are normally discarded, as a substrate and inducer for tannase production by A. awamori BTMFW032. There was clear indication that when Garcinia was used in combination with tannic acid, tannase levels were at a higher level than when tannic acid alone was used as substrate. It is speculated that Garcinia is a potential material that can be used as a substrate for tannase production owing to its utilizable tannin content. Further, in the present study, it was observed that sea water could support maximal tannase production by A. awamori BTMFW032 compared with other media suggesting that the sea water salts could have played an inducer role in expression of tannase encoding genes, which of course needs further investigation. Optimization strategy employing RSM led to a nearly 3-fold increase in the enzyme production from 26.2 U/mL obtained in unoptimized media to 75.2 U/mL in Box Behnken design, within a short period of incubation.
To the best of our knowledge, this is the first report on production of tannase, an industrially important enzyme, utilizing Garcinia leaf as substrate under slurry state fermentation by marine A. awamori BTMFW032 and sea water as cultivation medium. 
Strain and cultivation conditions:
A. awamori BTMFW032, isolated from seawater from the Arabian Sea as part of an earlier investigation and available as stock culture at the Department of Biotechnology, Cochin University of Science and Technology, was used in the present study for the production of tannase. The strain was maintained on Czapekdox -minimal agar media with 1% tannic acid (w/v) as the sole carbon source. Since tannase is an inducible enzyme, pre-induced inoculum was used throughout the study. Inoculum was prepared as a spore suspension by the addition of 5 mL sterile physiological saline to a 10 day old agar slope culture, and mixed well for 30 min on a shaker, at room temperature (RT, 28±2°C). The suspension, with spores adjusted to a spore concentration of 10 8 spores per mL using sterile physiological saline, was used as inoculum.
Slurry state fermentation (SLSF)
Substrate preparation: The fresh leaves were dried at 60°C for 24 h, coarsely ground, and stored at 4°C until further use [10] . In general, substrates for SLSF were prepared with a coarsely ground matrix of the selected natural substrate. Cultivation of the fungus for tannase production was carried out in 250 mL Erlenmeyer flasks. The coarsely ground matrixes of the substrates and commercially available tea powder were moistened with Czapekdox minimal medium and seawater (10% matrix (w/v) in minimal medium) and inoculated with the prepared spore inoculum at a concentration of 1%, v/v, and incubated for 2 days at RT (28±2ºC) and 100 rpm in a rotary shaker. After incubation, the fermented slurry was centrifuged at 4 o C and 10,000 rpm for 15 min, and the supernatant was collected and assayed for tannase activity.
Selection of natural substrates as carbon source:
A univariable strategy of natural carbon source was employed to screen and select the best natural substrate for induction of tannase production by the fungus as a substitute/supplement to synthetic tannic acid which is currently used for the production of the enzyme. The natural substrates tried were basically tannin containing agro residues, which included fruits, different leaves, and those in combination with tannic acid, like commercially available tea powder, freshly dried and ground mango leaves, tamarind fruit, dry tamarind pods, Garcinia cambogia leaves, Psidium leaves, coconut fiber and pith, grape waste, cashew apple, and Averrhoa bilimbi fruits and leaves. Their concentrations were variably fixed and induced at 10% concentration (w/v). Minimal medium and seawater with tannic acid as sole carbon source were maintained as controls.
Tannin estimation: Tannin content in the natural substrates was estimated following the Folin-Denis method [11] . Tannin-like compounds reduce phosphotungstomolybdic acid in alkaline solution to produce a highly colored blue solution, the intensity of which is proportional to the amount of tannins. An aliquot of 0.5 g of powdered material was diluted with 75 mL distilled water, boiled for 30 min and centrifuged at 2000 rpm for 20 min. The supernatant was collected and made up to 100 mL. From this solution, 1 mL was diluted with 75 mL distilled water and to it was added 5 mL of Folin-Denis reagent, followed by 10 mL of sodium carbonate and made up to 100 mL. The intensity was measured in a spectrophotometer at 700 nm after 30 min. The tannin content of the sample was calculated as tannic acid equivalents from a tannic acid standard graph.
Tannase assay: Tannase activity was estimated based on the formation of the chromogen between gallic acid (released by the action of tannase on methyl gallate) and Rhodanine (2-thio-4-ketothiazolidine) [12] .The enzyme reaction mixture was prepared by the addition of 0.05M citrate buffer, 0.01M methyl gallate and crude enzyme, and incubated at 30ºC for 5 min. Later, the reaction mixture was mixed with 0.667% methanolic rhodanine and incubated further under the same conditions. Then, 0.5M potassium hydroxide was added and incubated further. Finally the enzyme reaction mixture was diluted 5 times with distilled water and the pink color that developed was read at 520 nm using a spectrophotometer (UVShimadzu-160A). A set of blanks and controls were also maintained. One unit of tannase activity (U) is defined as the amount of enzyme required to liberate 1 μM of gallic acid per minute under defined conditions.
Selection of factors that significantly affect tannase production:
Factors that significantly influence tannase production were selected statistically employing the PB method [13] in the first phase followed by RSM using Box-Behnken design. The variables and their experimental levels studied using the PB method for selection of the variables that had the largest influence on the experimental response is presented in Table 2 . The variables selected by the PB method were later applied to Box-Behnken design in order to evaluate the individualized influence of each variable, as well as the effect of their interactions on enzyme production [14] . 
Optimization of production by RSM:
Five independent variables were used to obtain the combination of values that optimizes the response within the region of 3dimensional (3D) observation spaces, which allows one to design a minimal number of experiments. The experiments were designed using the software, Design Expert Version 6.0 (State Ease, Minneapolis, MN, USA). The components (independent variables) selected for the optimization were: concentration of the substrate (Garcinia leaves), tannic acid, glucose, inoculum concentration and temperature. Box-Behnken design is a second order design for the estimation of quadratic effect and a 2 level factorial design. Each factor was studied at 3 different levels, the levels coded in units with values -1, 0, and 1 representing lower, middle, and higher values, respectively. The quadratic model chosen to represent the relationship fitted for the 5 variables was:-Y=βо+Σ βiXi + Σ βiiXi 2 + Σ Σ βijXiXj Y-variable enzyme yield, X1, X2, X3, X4, X5 are the independent variables selected. Analysis of variance (ANOVA) was performed and 3 dimensional response surface curves were plotted by Design Expert software to study the interaction among the various physico-chemical factors. The coded and actual values of independent variables are given in Table 3 . Table 3 : Variables and their experimental levels adopted in Box-Behnken method for tannase production by Aspergillus awamori BTMFW032.
S.No
Variables Low level (-1) Medium level (0) High level (+1) All experiments were carried out in triplicate. Replicates at the centre of the domain in 3 blocks permit the checking of the absence of bias between several sets of experiments. The effect of variables and their interactions and all the coefficients were calculated by the software package Expert Version 6.0.
Experimental validation of the optimized conditions:
The validation of the response surface was carried out through solutions obtained and a time course study conducted with the optimized parameters in shake flasks in triplicate.
